Introduction
The development of the flat moderator concept at ESS [1, 2] recently opened up the possibility that a single flat moderator above the target could serve all the scattering instruments, that rely on high brightness. This would allow for the introduction of a fundamentally different moderator below the target for the complementary needs of certain fundamental physics experiments. To facilitate experiments depending on the total number of neutrons in a sizable beam, the option of a voluminous D 2 moderator, in a large cross-section extraction guide is discussed and its neutronic performance is assessed.
Simulation setup
The performance of a large liquid D 2 moderator (19 K, 1 3 para-deuterium, 2 3 ortho-deuterium) for high flux cold neutron production is studied under the assumption that a single (flat) para-hydrogen moderator above the target wheel serves the neutron scattering instruments relying on high brightness. Under this assumption, the region below the target wheel is, per default, completely filled with reflector and thus allow for a significant freedom for designing a voluminous D 2 moderator, with little or no consequences to the performance of the scattering instruments. Large D 2 moderators are common at reactors and it was also selected as optimal for large intensity at the continuous spallation source SINQ. On short pulsed spallation sources the several millisecond long response time of these moderators make them disadvantageous for neutron scattering work. As an example for demonstrating the performance feasibility, a 25 cm×25 cm×20.6 cm rectangular D 2 moderator is placed centrally under the spallation hot-spot in a through-going beam tube with a 25 cm×25 cm cross-section. One end of the beam tube is left completely open to allow for neutron extraction whereas the other is foreseen to provide access to the D 2 moderator and would in addition contain the cooling piping and other service equipment. For simplicity, the simulations described below, assume that the access is plugged with the same material as the surrounding reflector, which is lead in the example studied here. The D 2 moderator is encapsulated in a 3mm aluminium casing and is on all sides except the viewed surface covered by a layer of water (for pre-moderation) of varying thickness (1-4 cm, most thick on the side facing the target). The simulation geometry is implemented in a MCNPX [3, 4] model, as visualized in figure 1 .
To access the performance of the deuterium moderator, while monitoring the impact on the flat para-hydrogen moderator above, the following different cases are considered:
• Reference : No D 2 moderator or extraction tube below the target. • Case 1b: D 2 moderator and extraction tube lowered by 10 cm. Figure 1 (right)
The setup described above is based on a lead reflector of 130 cm diameter, which has the advantage over beryllium (indispensable for optimal performance high brightness moderators) that it is less expensive for construction, operation and disposal. In addition, as fast neutron reflector below the target, lead has the potential to enhance the brightness of the moderator(s) above the target (current estimate ∼ 10%). In parts the brightness increase observed for deuterium with respect to the TDR para-hydrogen must be assigned to the introduction of lead as outer reflector as opposed to the steel based TDR outer reflector.
Results
Figure 2(left) shows brightness as a function of wavelength for the ESS baseline voluminous para-hydrogen moderator, whereas figure 2(right) shows the corresponding curve of the D 2 moderator considered here (Case 1a) 1 . In each of the cases (reference, 1a,1b) the integrated cold brightness (0-5 meV) is given in table 1. This table shows that the scattering instruments viewing the para-hydrogen moderator, would suffer a ∼15% brightness loss in case the deuterium moderator is at its up-most position (1a), compared to the reference, where the lead reflector below the target would contain no moderator and through-going beam tube. If the deuterium moderator is lowered by 10 cm (1b) this loss practically vanishes.
Discussion
For a number of experiments the key parameter determining the experimental reach is actually not the source brightness, B, but rather the total number of neutrons in the beam. This quantity is proportional to A × B, where A is the area of the viewed moderator surface and B is the average brightness. Thus, it is useful to compare the performance of the D 2 moderator studied here, with the baseline H 2 moderator in terms of the quantity A × B. The results are shown in Table 1 : Integrated: 0-5 meV cold neutron brightness from the upper, flat para-hydrogen (H 2 ) moderator of 1.5 cm height and the lower deuterium (D 2 ) moderator in the various studied cases. The brightness is evaluated from the flux calculated at a distance of 5 m from the viewed moderator surface and hence they represent the average over the viewed surface. The relative statistical uncertainties are ∼0.1%. Table 2 shows that for fundamental neutron beam experiments (as opposed to neutron scattering work), the larger D 2 moderator studied here as a first trial considerably outperforms the smaller TDR moderator in both cases (1a) and (1b). The optimization of this large cross-section moderator option for delivering highest number of neutrons for neutron beam experiments is in progress. The optimization concerns parameters such as lay-out dimensions, moderator material, pre-moderator geometry, choice of reflector or reflector combination. It can be expected that the 3-4 fold gain potential demonstrated here (table 2) over the highest beam intensity achievable by moderators designed for neutron scattering work can be further enhanced significantly.
Conclusions
Under the assumption, that the scattering instruments at the ESS are served by a single moderator above the target, the performance of a 25 cm×25 cm×20.6 cm rectangular D 2 moderator placed in a through-going beamtube under the target has been studied. The results prove the feasibility of providing by this approach at least 3-4 times enhanced cold neutron beam intensity for fundamental physics experiments, such as nn oscillations without essentially impacting the performance of the moderators serving the neutron scattering beam lines. It is expected that the performance, as well as the impact on the performance of the upper para-hydrogen moderator would benefit significantly from the ongoing optimization work, including the enhancement of brightness of the upper moderators by judicious choice of the reflector material / configuration below the target.
